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PERFORMANCE OF 1380-FOOT-PER-SECOND-TIP-SPEED AXIAL-FLOW
COMPRESSOR ROTOR WITH BLADE TIP SOLIDITY OF 1.5




The overall and blade element performance are presented for an axial-flow com-
pressor rotor designed to study the effects of blade solidity on efficiency and stall mar-
gin. The rotor was designed for a tip speed of 1380 feet per second and a blade tip
solidity of 1. 5. Data were obtained for speeds from 50 to 100 percent of design and over
a flow range from maximum flow to stall.
At design speed the peak efficiency was 0. 892 and occurred at an equivalent weight
?flow of 65. 0 pounds per second (41. 5 lb/(sec)(ft of annulus area)). The total pressure
ratio was 1. 83 and the temperature ratio was 1. 215. Design values of efficiency, weight
flow, pressure ratio, and temperature ratio were 0. 824, 65.3, 1.65, and 1.187, respec-
tively. The stall margin for design speed was 10 percent based on the weight flow and
pressure ratio values at peak efficiency and just prior to stall.
Calculations based on radial surveys of the flow parameters indicated that the actual
relative total pressure losses are, in general, lower than design across the complete
span of the blades. Exception to the low level of losses occurred locally in the end wall
regions and behind the blade vibratory damper.
It is concluded that the higher-than-design pressure ratio, temperature ratio, and
efficiency of this rotor are primarily a result of the actual losses being generally lower
than those assumed in the design. The lower loss level resulted in a higher pressure
rise, which reduced the velocity ratio to less than design values. This reduction in
velocity ratio further increased the pressure ratio as a result of increasing the energy
addition to greater than design. «
It is reasoned that the lower loss than that predicted based on the loss correlation
used in the design of this rotor may, in part, be the result of the blade solidity. The
blade solidity for this rotor is appreciably higher than the average solidity of the rotors
used in the loss correlation. The Mach number for this rotor is also much higher than
for those used in the correlation. It is concluded that.a real need exists to improve on
the presently used loss correlation.parameters to more accurately account for the Mach
number level, the secondary flow losses, and blade-solidity.
INTRODUCTION
The Lewis Research Center of the National Aeronautics and Space Administration is
engaged in a research program on axial-flow fans and compressors for advanced air-
breathing engines. The program is directed primarily towards providing the technology
to permit reducing the size and weight of the fans and compressors while maintaining a
high level of performance. In support of this program, experimental studies are being
conducted on improved blade shapes for high-Mach-number operation and the effect of
blade aspect ratio, blade solidity, blade loading, area margin above choke, weight flow
per unit annulus area, contraction ratio (velocity ratio), and blade spacing on efficiency
and stall margin. This report presents the aerodynamic design parameters, along with
the overall and blade element performance, of an axial-flow compressor rotor designed
primarily to study the effect of blade row solidity on efficiency and stall margin. It is
one of a series of rotors involving blade solidity. The design and performance of two
other rotors having blade tip solidities of 1.1 and 1. 3, and which are part of this series,
are presented in references 1 and 2, respectively. The rotor presented in this report,
designated rotor 5, has a blade tip solidity of 1. 5. Overall and blade element perform-
ance data- for rotor -5 were obtained for six speeds from 50 to 100 percent of design
speed. Blade element data were obtained at 11 radial positions (RP). This:test was con-
ducted at the Lewis Research Center.
All symbols used in the report are defined in appendix A. Performance parameters
are presented in appendix B. All parameters shown in this report are expressed in Eng-
lish units.
AERODYNAMIC DESIGN
Several design computer programs are being evolved and were used for the design of
rotor 5. The design programs were a streamline analysis program, a blade geometry
program, and a blade coordinate program. The form of each of these programs at the
time of the design of this rotor is reviewed briefly in the following paragraphs.
The streamline analysis program was used in calculating the flow field parameters
at several axial stations, including those corresponding to the instrumentation survey
planes, and planes approximating the blade leading and trailing edges. This program
accounts for both streamline curvatures and entropy gradients. Inputs to this program
are flow path geometry, weight flow, rotor speed, and the desired radial distribution of
total pressure and total temperature at the blade inlet and outlet. Also included as an in-
put to the program is an allowance for boundary-layer-blockage: Blockage factors of
0. 02 and 0. 04 were assumed for this rotor at the,rotor inlet'and outlet, respectively.
The blade geometry program was used in selecting the blade geometry parameters.
Inputs to this program are the flow velocities and angle, along with the total pressures
and temperatures at the blade leading- and trailing-edge planes. Incidence angles and
parameters which control the blade shape are also inputs to the program. The program
calculates the blade shape based on the specified input parameters and deviation angles.
The calculations of deviation angles are accomplished within the program. The blade
elements are designed on conical surfaces approximating the stream surface passing
through the blade. All aerodynamic design data including incidence and deviation angles
are based on velocities and flow angles on the stream surface. A blade element total
loss is calculated within the program. It is based on a calculated shock loss (asr related
to the selected blade shape) and on a profile loss. With the calculated radial distribution
of total loss and the desired radial distribution of outlet total pressure, a new outlet total
temperature distribution is calculated. This temperature is then provided as input to the
streamline analysis program as an external iterative procedure in arriving at the tem-
perature distribution which is consistent with the total loss calculation and the desired
outlet total pressure. The blade passage area margin as related to flow choking is also
calculated within this program based on the flow passage geometry and the flow param-
eters.
In arriving at the blade coordinates a third computer program was used and is pre-
sented in reference 3.
The overall design parameters for this rotor are presented in table I. Tip diameter
at the rotor inlet is 19. 77 inches and the rotor has an inlet hub-tip radius ratio of 0. 51.
The rotor was designed to have a blade tip solidity of 1. 5 and an aspect ratio of 2. 3
(based on mean blade height and cylindrical chord at the exit hub radii). This resulted in
47 blades with tip aerodynamic chord of 1. 93 inches. The radially projected chord of
each blade element was held constant and thus produced longer aerodynamic chords in
the hub region due to high streamline slopes.
The flow path with eight streamlines is presented in figure 1. The rotor location is
shown along with the locations of the radial survey instrumentation. A detailed listing of
the design blade element flow parameters calculated at planes approximating the rotor
leading and trailing edge are presented in table H. The design incidence angles, devia-
tion angles, aerodynamic loadings, loss coefficients, and loss parameters are also pre-
sented in table n. *
The multiple-circular-arc (MCA) blade shape (see ref. 4 for description) was used
for the tip elements, which operated at design inlet relative Mach numbers as high as
1.42. The double-circular-arc (DCA) blade shape, a special case of the MCA blade
shape, was used for the elements in the mid-span and hub regions. For the MCA blade
elements the maximum thickness and transition point were located at the calculated shock
position. At 22 percent span, the shock position had moved forward to 50 percent of
chord. The X-factor (ratio of suction-surface camber ahead of assumed shock location
of the MCA blade section to that of a DCA blade section) for the MCA blade elements was
varied linearly from 0. 637 at the tip to 1. 0 at 22 percent span to provide a smooth tran-
sition from MCA elements to DCA elements.
The X-factor for the tip element was adjusted to provide an area ratio margin from
choke of approximately 0. 08. The area ratio margin calculation used in the design of
this rotor assumed the minimum area to occur immediately behind the assumed shock
location and accounted for both streamline convergence and the loss across the shock.
Subsequent calculations of the area ratio for this rotor were made by calculating the area
margin throughout the blade passage. These calculations substantiated the assumption
that the minimum area for this particular rotor occurs immediately behind the shock for
all elements except in the hub region. In the hub region the minimum area occurs
further back into the blade passage; however, the reduction in area from that calculated
immediately behind the shock is insignificant. The reduction in suction -surface camber
ahead of the passage shock for the MCA elements over that which would exist with DCA
elements should provide for a reduction in shock loss due to the lower suction-surface
Mach number just ahead of the shock. The calculated peak suction Mach numbers are
listed in table II. The X-factor, area ratio, and suction-surface camber ahead of the
passage shock are listed, along with the blade geometry parameters, in table III.
Incidence angle with reference to the suction surface was set equal to zero for all
blade elements. Because of the transonic Mach numbers at which the blade elements
must operate, it was assumed that zero incidence angle would result in minimum loss.
Deviation angles were estimated using Carter's rule as follows:
where
x = 0.219 + 0.0008916yb + 0.000027085y£
y = 2.175 - 0.035528yb + 0.00019167^
The equation for calculating m is based on the curves presented in reference 5. The
equivalent camber (p& was calculated by the method shown in reference 6. Use of an
equivalent camber tends to account for the difference in deviation angle between a two-
dimensional cascade and a three-dimensional blade element. The difference results
from the change of radius and meridional velocity across the blade row.
The calculation of blade element total loss was based on a calculation of a profile
loss and a shock loss. The profile loss calculation used the curves presented in figure 2.
These curves are based on the correlation of loss as a function of diffusion factor and
percent of blade span presented in reference 7.
The shock loss was calculated based on the method and assumed flow model pre-
sented in reference 8 for blade elements (0 to 80 percent of span) for which the inlet rel-
ative flow is supersonic. This method basically calculates a loss across a normal shock
based on an average of the inlet and suction-surface Mach numbers. The suction-surface
Mach number is determined from the inlet Mach number and the acceleration resulting
from a Prandtl-Meyer expansion based on the turning of the suction surface ahead of the
shock. The flow model is used in estimating the shock location. The method and flow
model presented in reference 8 for calculating shock losses were based on supersonic
inlet flow and do not include the high subsonic inlet flow condition. To permit calculating
a shock loss for blade elements of this rotor which operate at high subsonic inlet flow,
the inlet Mach number was assumed to be unity for these elements. The flow model pre-
sented in reference 8 was used for estimating the shock location. A Prandtl-Meyer ex-
pansion was then assumed to provide an indication of the Mach number ahead of the shock.
Using this method a shock loss is calculated for all elements with subsonic inlet flow
where the average of the calculated suction-surface Mach number ahead of the shock and
the actual inlet relative Mach number is greater than 1. 0. This method will likely over-
estimate the Mach number at the point of shock and thus also overestimate the shock loss.
However, it was employed in the design of this rotor to provide a smooth variation in
total loss with respect to span through the transonic region.
APPARATUS AND PROCEDURE
Test Apparatus
A cutaway view of the compressor assembly with a typical rotor installed is shown
in figure 3. The compressor rotor is straddle mounted on a shaft supported by two hy-
drodynamic journal bearings. A hydrodynamic thrust bearing is used to balance out the
thrust load generated by the compressor rotor. Carbon face seals were utilized to pre-
vent bearing oil leakage. The test section with instrumentation installed in the outer
casing is shown in figure 4.
The test rotor is depicted in figure 5. The rotor blades were machined from
Maraging 200 steel bar stock. Dampers were located at 43 percent of span from the
rotor tip to minimize blade vibration. The meanline of the damper formed a section of
a conical surface with the cone angle set equal to the streamline angle. The aerodynamic
chord of the damper is approximately 30 percent of the aerodynamic chord of the blade.
The thickness of the damper is 15 percent of the aerodynamic chord of the damper. The
leading- and trailing-edge radii were set equal to 0. 010 inch. The inner and outer sur-
faces of the damper were formed by circular-arc sections passing through tangency
points on the leading- and trailing-edge radii and the maximum thickness radius which
was located at midchord.
Test Facility
A schematic of the test facility is shown in figure 6. Air enters the test facility at
an inlet located on the roof of the building or from the laboratory refrigerated air supply
through the refrigerated air riser. The air passes through a flow measuring station con-
sisting of a thin-plate orifice, through an inlet throttle valve, and then into a plenum
chamber. The air is then accelerated to the compressor test section, through the test
section and into a collector, and through a discharge throttle valve; it then exhausts
either to the atmosphere or to an altitude exhaust system. The facility is sized for a
maximum flow rate of approximately 100 pounds per second (the refrigerated air supply
is limited to 60 Ib/sec at -20° F). A 15 000-horsepower synchronous motor and gearbox
are used to obtain speeds up to 17 500 rpm for the research compressor rotors.
Instrumentation
/
The axial locations of survey instrumentation are shown in figure 1. The circum-
ferential locations are shown in figure 7 along with the types of probes employed at each
location. The types of probes used in obtaining survey data are depicted in figures 8 and
9. In the plenum chamber, two pressure taps were installed to measure plenum pres-
sure and two thermocouples were used in measuring the plenum temperature. One hub
and one tip wall-static-pressure tap were located at each of the two survey planes. A
hot film probe was located at the inlet survey plane for use in determining stall.
Strain-gage-type transducers were used in measuring pressures. Iron-constantan
thermocouples were used in conjunction with a constant-temperature (610° R) oven to
determine temperature. Flow through the compressor was determined from a thin-plate
orifice installed according to ASME standards.
Compressor speed was indicated with the use of a magnetic pickup in conjunction
with a gear mounted on the drive motor shaft. All data were measured by an automatic
digital potentiometer and recorded on paper tape. The accuracy of measurements is
estimated to be
Inlet pressure, psi ±0.05
Outlet pressure, psi . . ±0.10
Temperature, °R ±1.0
Weight flow, percent ±1. 0
Speed, percent ±0. 5
Flow angle, deg ±2
Test Procedure
Compressor test data were taken over a range of weight flows from maximum flow
to stall conditions. For each weight flow, measurements were recorded at 11 radial
positions. The data were obtained at 50, 60, 70, 80, 90, and 100 percent of equivalent
design speed. The air was brought into the system from the roof inlet. The air to the
compressor inlet was not throttled during this series of tests. Thus the pressure at the
compressor inlet was equal to atmospheric pressure minus the pressure drop in the inlet
line (measured to be approximately 3/4 psi at 65-lb/sec flow rate). Altitude exhaust was
used to obtain the desired compressor discharge pressures. All probes were inserted
into the flow stream simultaneously in obtaining the data. Initial tests indicated that the
insertion of the probes in front of the rotor did not affect the readings from the probes
behind the rotor.
The stall points were established by increasing the back pressure on the compressor
until a rapid fluctuation was noted in the signal from a hot film gage located at the rotor
inlet. Also fluctuations in compressor discharge pressure and blade stress were ob-
served when stall was encountered. The flow at which this condition occurred was indi-
cated on an X-Y plotter which recorded the compressor discharge pressure as a func-
tion of weight flow. When the stalled conditions were noted, the discharge throttle was
immediately opened. The weight flow was then set to within 1 pound of the weight flow at
which stall occurred and the blade element performance was recorded.
Performance Calculation Prxedure
•s
Measured outlet total temperature and total pressures were corrected for Mach num-
ber and streamline slope. These corrections were based on calibrations given in refer-
ence 9. The stream static pressure was corrected for Mach number and streamline
slope based on an average calibration of the probes used. The corrected static pressure
in the hub region at the rotor exit differed significantly from the measured inner wall
static pressure. This difference is attributed to the combination of high streamline
slopes and high Mach numbers in the hub region. Consequently, the outlet static
pressures in the hub region used for data calculations were obtained from fairing between
the corrected static pressure at 70 percent of span and the measured inner wall static
pressure.
Overall total pressure and total temperature ratios were obtained from a mass aver-
age of the survey data at the rotor exit and the pressure and temperature measured in the
inlet plenum.
The overall performance and the blade element performance were calculated in ac-
cordance with the performance equations as defined in appendix A. The blade element
data are based on the calculated flow parameters at planes approximating the blade lead-
ing and trailing edges.
The translation of flow parameters from the measuring stations to the blade leading-
and trailing-edge planes were made using the following assumptions: The actual radii
and slopes of the streamlines were assumed to correspond to those of the design stream-
lines as tabulated in table II. The total pressure, total temperature, and angular mo-
mentum of flow along any given streamline were assumed to be constant between the
measuring station and the blade edge. The ratio of the weight flow per unit area (static
density times axial velocity) at the measuring station to the weight flow per unit area at
the blade edge along any given streamline was assumed to equal the value calculated from
the flow parameters in design. The calculation of the flow parameters at the blade edges
permits more accurate calculation of incidence angles, deviation angles, and such param-
eters as diffusion factor.
RESULTS AND DISCUSSION
Overall Performance
The overall performance of rotor 5 is plotted in figure 10 and presented in tabular
form in tables IV to IX. The plotted data present rotor total pressure ratio, total tem-
perature ratio, and temperature rise efficiency as a function of equivalent weight flow.
The data are presented for rotative speeds of 50, 60, 70, 80, 90, and 100 percent of de-
sign speed. In addition to the plotted data, the tabular data include the momentum rise
efficiency, integrated weight flows at the rotor inlet and outlet, and weight flows per unit
frontal area and annulus area. - -
The peak efficiency for the rotor at design speed was 0. 892, as compared to a design
value of 0. 824. Peak efficiency occurred at an equivalent weight flow of 65. 0 pounds per
o
second (41. 5 lb/(sec) (ft of annulus area)), as compared to the design weight flow of 65.3
pounds per second. Total pressure ratio and total temperature ratio at the weight flow
corresponding to peak efficiency were 1. 83 and 1. 215, respectively, as compared to de-
sign values of 1. 65 and 1.187. Stall margin at design speed was calculated to be 10 per-
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cent based on the equation presented in appendix B and using the weight flow and pressure
ratio at which peak efficiency occurred as the reference condition.
At the lower speeds the peak efficiency increased to approximately 0. 95. It must be
pointed out that data accuracy would be expected to deteriorate somewhat at the lower
speeds.
Blade Element Performance
Tabulations of the blade element data are presented in tables X to XV for the six
speeds at which the compressor was tested and for 11 radial locations. Selected param-
eters are presented as a function of percent span in figure 11 and as a function of inci-
dence angle based on the suction-surface blade angle in figure 12. The radial variations
of performance parameters presented in figure 11 are for three weight flows at design
speed. One of the weight flow points selected is near maximum flow, one near design
flow (which is also near peak efficiency), and one near stall flow. The performance
parameters presented in figure 12 as a function of incidence angle are for 60, 80, and
100 percent of design speed and for blade elements at 7, 12, 31, 50, 72, 88, and 93 per-
cent of span as measured from the tip. Design values of the performance parameters
are also presented in figures 11 and 12 and are indicated by dashed lines and closed sym-
bols, respectively. In addition to the parameters presented in the plots, the tabulated
data present information on flow angles, velocities, incidence angles with reference to
the mean blade angle, and peak suction-surf ace Mach number based on the suction -
surface incidence angle and supersonic suction-surf ace camber. All blade element data
presented are based on the flow parameters calculated at planes approximating the blade
leading and trailing edges.
Radial variation of performance parameters. - The plots of blade element and per-
formance parameters as a function of percent of span (fig. 11) show that for a weight flow
of 65. 6 pounds per second (near design flow) the pressure ratio in the tip region of the
blade is much higher than design, with that in the hub region being close to design. The
rotor was designed for a radially constant total pressure. The temperature ratio shows
the same trend as pressure ratio, indicating a higher-than-design energy input in the tip
region. The efficiency, in general, is higher than design. Locally in the hub region and
in the damper region of the blade (43 percent of span), sharp gradients towards lower ef-
ficiencies are noted. The velocity ratio is lower than design over the complete span.
Incidence angle and inlet velocity are near design values. The total loss coefficient re-
flects the same trends as the efficiency. The blade loading as indicated by the diffusion
factor is appreciably higher than design over the complete span. Deviation angle, in
general, is lower than design in the tip region. In the midspan and hub regions it is
higher than design, with the exception of that at 93 percent of span. At this location the
deviation angle dropped sharply to below the design value.
The appreciably higher-than-design pressure ratio in the tip region appears to be a
result of both higher energy input and lower losses than assumed in the design. The
higher energy input reflected in the temperature ratio is attributed to the lower-than-
design velocity ratio (resulting from the higher overall pressure ratio) coupled with the
lower-than-design deviation angle. In the hub region the velocity ratio remains lower
than design as in the tip but the deviation angle is higher than design, resulting in the
temperature ratio being close to design. The slightly higher-than-design pressure ratio
in the hub region is attributed to the lower losses. The higher-than-design blade loading
is a result of both the lower-than-design velocity ratio and the difference in deviation
angle from design.
The damper has a pronounced effect on the aerodynamic performance, as shown in
figure 11. The lower pressure ratio and efficiency in the region of the damper are at-
tributed to the losses associated with the damper. No attempt was made in the aerody-
namic design of the rotor to account for the damper effects.
It is apparent from the data presented in figure 11 that the effect of the end walls on
the performance parameters were not adequately accounted for in the design. This is
particularly true of the effect of the end walls on the gradient in losses in these regions.
In noting the radial variation in performance parameters it is apparent that the
higher-than-design overall pressure ratio (fig. 10) is primarily a result of much-higher-
than-design pressure ratios in the blade tip region. The higher-than-design overall effi-
ciency is attributed to the generally low level of loss across the blade span as compared
to design.
Performance parameters as function of incidence angle. - The plots of the blade ele-
ment and performance parameters as a function of incidence angle (fig. 12) show that,
except for 93 percent span, the incidence angles (with reference to the suction surface)
associated with minimum loss varied from -1° to +1° for design speed. Design incidence
was zero for all elements. Minimum loss in the tip region tended to occur at slightly
positive incidence angles. In the hub region, minimum loss tended to occur at slightly
negative incidence angles, with the exception of the 93-percent-of-span location. At this
percent of span, minimum loss occurred at a positive incidence angle of about 2°. Since
minimum loss occurs at or near design incidence angle and the incidence angle across
the span is close to design for design flow (fig. 11), all blade elements were operating at
or very near minimum loss at design speed and design flow. Therefore, the perform-
ance parameters as a function of percent span presented in figure 11 for the near-design-
weight-flow point are essentially those for minimum blade element loss.
The deviation angles associated with minimum loss varied from +2° to -4 from de-
sign values. In the tip region the deviation angles are lower than design by as much as
2° at 30 percent span. In the midspan-to-hub region the deviation angles associated with
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minimum loss are higher than design (except for 93 percent of span) by as much as 2° at
70 percent span. At 93 percent of span the deviation angle decreased to 4° less than
design.
The higher-than-design deviation angle in the midspan-to-hub region of the blade
may be attributed to the lower-than-design velocity ratio. The lower-than-design devia-
tion angle in the tip region is opposite to the trend expected from the velocity ratio. This
lower-than-design deviation can, in part, be explained by untwist of the blade tip whichi
was not accounted for in the design.
The minimum total loss coefficient (fig. 12) shows the same trend and essentially the
same level as shown in figure 11 for the near-design-weight-flow point. The losses are,
in general, lower than design with steep gradients existing in the end wall region of the
blades.
The loss parameter presented in figure 12 is based on the measured total loss coef-
ficient, which includes a shock loss for elements operating at high subsonic and super-
sonic inlet relative velocities. In the tabulated data, a loss parameter is presented
based on the measured total loss coefficient minus a calculated shock loss and is re-
ferred to as the profile loss. (The shock loss calculation was presented in the design
section of this report.) In comparing the profile loss parameter presented in tables X to
XV with that assumed in the design (fig. 2), it is concluded that the curves of loss as a
function of loading and percent span used in the design did not adequately predict the level
of loss or the gradient in loss which exists in the tip and hub regions of the blades. As
indicated in the design section of this report the loss parameter as a function of loading
used in the design was based on the correlation presented in reference 7. The generally
lower calculated profile loss for the tip region may, in part, be a result of the calculated
shock loss being too high. However, even when comparing the loss parameter based on
total loss, the same general conclusions can be drawn.
CONCLUDING REMARKS
It is concluded that the higher-than-design pressure ratio, temperature ratio, and
efficiency of this rotor are primarily a result of the actual losses being generally lower
than those assumed in the design. The lower loss level resulted in a higher pressure
rise, which reduced the velocity ratio. This reduction in velocity ratio further increased
the pressure ratio as a result of increasing the energy addition above design.
The lower loss than that predicted based on reference 7 may in part be a result of
the blade solidity for this rotor being appreciably higher than the average solidity of the
rotors used in arriving at that correlation. (The average blade tip solidity of the rotors
used in that correlation was 0. 83, with some rotors having blade tip solidities as low as
0. 6). The correlating parameters both for loss and loading include solidity terms,
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which were meant to account for the effect of solidity on loss and aerodynamic blade
loading. However, for a more general correlation it may be necessary to include solid-
ity as an independent parameter or modify the manner in which it is included in the loss
and/or blade loading parameters through empirical correlation techniques. Also a more
accurate method of estimating total-pressure losses associated with secondary flows is
required to predict the end wall gradients in loss.
It must be recognized that a larger percentage of the rotors used in the correlation
presented in reference 7 used a 65-series blade section as compared to the circular-arc-
type section. The inlet relative Mach number for this rotor is also much higher than for
those used for the correlation. The loading parameter diffusion factor was derived based
on assuming blade velocity distributions typical of subsonic flow conditions (ref. 10).
Even though it is recognized that the diffusion factor was not intended for blade sections
operating with transonic flows at present, attempts to arrive at a better loading param-
eter have been fruitless. One such attempt at arriving at a more fundamental loading
parameter than diffusion factor for transonic blading was presented in reference 8. Sev-
eral flow parameters indicative of the magnitude of diffusion on the blade suction surface
where passage flow shocks exist were considered. However, no consistent variation of
profile loss was obtained with these parameters.
It is concluded that a real need exists to improve on the presently used loss correla-
tion parameters to more accurately account for the Mach number level, secondary flow
losses, and blade solidity. This is based on the fact that at least for this rotor the loss
correlation as a function of loading based on that presented in reference 7 does not ade-
quately predict the level of loss or the loss gradients which exist in the end wall regions
of the blades.
SUMMARY OF RESULTS
The overall and blade element performance of an axial-flow compressor rotor has
been presented. The rotor was designed for a,tip speed of 1380 feet per second and a
blade tip solidity of 1. 5. It was tested over a range of flows from maximum flow to stall
and at speeds from 50 to 100 percent of design speed. Radial surveys were taken at 11
radial positions. The investigation yielded the. following principal results:
1. At design speed the peak efficiency was 0. 892 and occurred at an equivalent weight
2flow of 65. 0 pounds per second (41. 5 lb/(sec)(ft of annulus area)). The total pressure
ratio was 1. 83 and temperature ratio was 1. 215. Design values of efficiency, weight flow,
pressure ratio, and temperature ratio were 0. 824, 65. 3, 1. 65, and 1.187, respectively.
2. Stall margin for design speed was 10 percent based on the weight flow and pres-
sure ratio at peak efficiency and that just prior to stall.
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3. Except for 93 percent of span, incidence angles (with reference to the suction
surface) associated with minimum loss varied from -1° to +1° for design speed. Min-
imum loss in the tip region tended to occur at slightly positive incidence angles, while
minimum loss in the hub region tended to occur at slightly negative values with the ex-
ception of the 93-percent-of-span location. At 93 percent of span, minimum loss oc-
curred at a positive incidence angle of about 2°.
4. Deviation angles associated with minimum loss vary from +2 to -4° from design
values. Deviation angles are lower than design in the tip region by as much as 2° and
higher than design in the midspan-to-hub region by as much as 2°, except for 93 percent
of span. For 93 percent of span the deviation is 4° less than design.
5. The losses are, in general, lower than design with steep gradients existing in the
end wall and damper regions of the blades.
Lewis Research Center,
National Aeronautics and Space Administration,







a distance from blade leading edge to maximum camber point
C specific heat at c
c chord length, in.
onstant pressure, 0. 24 Btu/(lb)(°R)
VTED diffusion factor, 1 - **• +_ _
VLE <rLE + rTE)aVLE
2
g acceleration of gravity, 32. 17 ft/sec
i incidence angle, angle between inlet air direction and line tangent to blade
JTlC
mean camber line at leading edge, (/3m)LE - (Kmc)LE, de&
i incidence angle, angle between inlet air direction and line tangent to blade
suction surface at leading edge, 03m)LE - (KSS)LE' deg
J mechanical equivalent of heat, 778. 16 ft-lb/Btu
KIC angle between blade mean camber line at leading edge and axial direction, deg
KOC angle between blade mean camber line at trailing edge and axial direction, deg
KTC angle between blade mean camber line at transition point and axial direction,
deg
N rotor speed, rpm
P total pressure, psia
PHISS suction-surface camber ahead of assumed shock location, deg
p static pressure, psia
R gas constant, 53.35 ft-lb/(lb)(°R)
RI inlet radii, in.
RO outlet radii, in.
r radius, in.
SM stall margin
T total temperature, °R
















maximum blade thickness, in.




ratio of suction-surface camber ahead of assumed shock location of the
MCA blade section to that of a DC A blade section
displacement along compressor axis, in.
axial distance to inlet from reference point, in.
axial distance to maximum thickness point from inlet, in.
axial distance to outlet from inlet, in.
axial distance to transition point from inlet, in.
air angle, angle between air velocity and axial direction, deg
ratio of specific heats, 1.40 Btu/(lb)(°R)
blade setting angle, deg
ratio of inlet total pressure to standard pressure of 14. 69 psia
deviation angle, angle between exit air direction and tangent to blade
mean camber line at trailing edge, (0m)TE - (Kmc)-LE, deg
efficiency
ratio of inlet total temperature to standard temperature of 518.7° R
angle between blade mean camber line at leading or trailing edge and axial
direction, deg
angle between blade suction-surf ace camber line at leading edge and axial
direction, deg
solidity, ratio of chord to spacing
camber angle, deg
* - P:
total loss coefficient, TE
PLE - PLE






LE blade leading edge
m meridional direction
me reference to mean camber line
r radial direction
ss reference to suction-surf ace camber line
TE blade trailing edge
z axial direction
6 tangential direction
1 instrument plane upstream of rotor






The performance parameters referred to in the main text are defined as follows:
Incidence angle based on suction -surf ace blade angle:






D _ ! VTE ,
VLE (rLE
Total loss coefficient:
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TABlf X. - BLADE ELEMENT PERFORMANCE FOR ROTOR 5,
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TABLf XL - BLADE ELEMENT PERFORMANCE FOR ROTOR 5,







































































































































































































































































































































































































































































DEV D-FACT LOSS COEPP LOSS PARAM
TOT PROP TOT PROP
5,7 0,083 0,082 0,082 0,016 0.016
5.6 0.069 .058 0.058 0.011 0.011
4.1 0.118 .095 0.095 0.018 0.018
5.8 0.118 .148 0.148 0.028 0.028
7.1 0.140 .188 ,188 0,054 0.034
7,3 0.151 .178 .178 0.035 0.055
6,5 O.I It .121 .121 0.022 .022
6,5 0.088 ,087 ,087 0,016 ,016
6,8 0,058 ,060 ,060 0,011 .011
8,2 0,009 ,080 .080 0.014 .014
6.1 -0.004 .096 .096 0.016 .016
34
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121— Part span damperPlane approximating blade
trailing edge, z = 1.69 in.
Station 2 instrument
plane, z = 2.54 in.
Plane approximating blade
leading edge, z - 0 in.
Station 1 instrument



















































Axial location, z, in.











.1 .3 .4 .5
Diffusion factor
.6 .7
Figure 2. - Profile loss parameter as function of loading and percent span used






Figure 3. - Compressor assembly.
70















Station 1 Station 2
Figure 7. - Circumferential location of survey instrumentation and type of probes
employed at each location.
Temperature
sensor
.7- Static pressure taps
/ for angle balance
-3836
Figures. - Combination total pressure, total temperature,
and flow angle probe (double barrel).
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